Presenilin 1 (PS1) and PS2 are evolutionarily conserved transmembrane proteins of the aspartyl protease family. Initially, they were reported to be associated with the early onset of familial, early-onset Alzheimer's disease. PS1 has been implicated in several crucial brain functions including developmental processes, synaptic plasticity, and processing of various molecules, while PS2 has been poorly studied and is considered to be a compensatory partner of PS1. Certain controversial reports have suggested that PS2 has a role in apoptosis, though the underlying mechanism is not clear. To ascertain the role of PS2 in apoptosis, mouse neuroblastoma cells (Neuro2a) were transfected with a cDNA construct encoding full length mouse PS2 and analyzed for viability, expression of PS1, PS2, Bax and p53, Bax protein, and status of chromatin condensation. Our results showed reduced viability, condensed chromatin and higher expression of Bax at mRNA and protein levels, but no change in the expression of p53 and PS1 in PS2-overexpressing Neuro2a cells. Thus, it is evident that PS2, independent of PS1, is associated with apoptosis via a Bax-mediated pathway. These findings might help in the understanding of the involvement of PS2 in apoptosis and its associated brain disorders.
Introduction
Presenilin 1 (PS1) and PS2 are highly conserved hydrophobic multi-pass transmembrane proteins of the aspartyl protease family. They were initially identified as candidate genes involved in familial, early-onset Alzheimer's disease (EOAD) [1] . To date, more than 240 mutations in PS1 and at least 47 mutations to an aberrant cleavage of amyloid precursor protein, causing AD [3] .
Besides their role in AD pathology, PS1 and PS2 are involved in several functions such as brain development [4] [5] [6] , synaptic plasticity, memory [7] , protein trafficking, cell adhesion, and calcium homeostasis [8] . PS1 is mapped to mouse chromosome 12 at 37.0 cM [9] and codes for 3.0 kb transcript which makes ~50-55 kDa protein of 467 amino acids [10] . On the other hand, PS2 is located on mouse chromosome 1 at position 101.0 cM and codes for 2.3 kb mRNA in the brain. It makes ~50-55 kDa protein of 448 amino acids [11] . Full length PS proteins are highly unstable and undergo endoproteolysis to produce a ~32 kDa N-terminal fragment and a ~20 kDa C-terminal fragment [12] .
Despite sharing many sequence similarities, PS1 is well characterized while PS2 is poorly studied in relation to calcium homeostasis [13] , regulation of acetylcholinesterase activity [14] , aging [15] [16] , and other functions of the brain.
PS2 is suggested to be a compensatory partner of PS1 in various signaling pathways, including the notch developmental cascade [17] .
There are contradictory reports showing the involvement of PS2 overexpression in apoptosis using different mammalian cell lines [18] [19] [20] as well as discrepancies in the underlying pathway. Some of the studies worth mentioning suggest that PS2 gene overexpression caused apoptosis [21] , while its depletion protected against apoptotic cell death induced by trophic factor withdrawal or amyloid b (Ab) [22] . Conversely, Gamliel et al. [18] reported that overexpressed PS2 does not induce apoptosis in Neura2a, CHO, and HEK293T cells. In regard to mechanisms, Passer et al. [23] showed that Bcl-X(L) interacts with PS1
and PS2 proteins, influencing mitochondrialdependent apoptosis. Others considered that the activation of p53 signaling was the major effector contributing to PS2-induced apoptosis [24, 20] . 
Materials and methods

Cell culture
The Acridine orange/ethidium bromide (AO/EB) staining Procedures were followed as described previously by Ribble et al. [25] . Briefly, Also, no significant change was observed in the control as compared to the vector (Fig. 2) .
Results
Overexpression of
In immunoblot analysis, the 22 No significant change was observed in the control as compared to the vector (Fig. 3) .
To understand the status of chromatin condensation, we used the acridine orange/ ethidium bromide staining method. The mouse Neuro2a cells overexpressing PS2
showed high chromatin condensation but no significant change in the control as compared to the vector (Fig. 4) . Thus the data showed condensation and cellular apoptosis [28] . Moreover, Bax-mediated p53-independent apoptotic activation of caspase 3 has also been reported in several studies [29, 30] . We also found that in Neuro2a cells, PS1 expression is unaffected by PS2 overexpression, suggesting its independent expression as recently shown in mouse embryonic fibroblasts and adult mouse brain by Frånberg et al. [31] .
studies showing a prominent pro-apoptotic role of PS2 overexpression in mammalian cell lines [19, 27] . Our data provide insight into PS2-mediated apoptosis via a Baxdependent and p53-independent pathway.
Interestingly, the high level of chromatin condensation observed can be correlated with an upregulation of Bax, which activates caspases. This leads to increased chromatin
